Design and Fabrication Process Development for Novel Decoupled Micro Gyroscopes by 闫鑫
 
学校编码：10384                                      分类号  密级    










博  士  学  位  论  文 




Design and Fabrication Process Development for Novel 





专  业 名 称：微电子与固体电子学 
论文提交日期：2011 年  月 
论文答辩时间：2011 年  月 
学位授予日期：2011 年  月 
  
 
答辩委员会主席：   
评阅人：   
 



































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的














































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 



































































Micro gyroscopes, as the angular rate sensor or angular sensor, have 
attracted a great attention. Developed products have been used for 
applications, such as image stabilization and automotive safety devices, 
navigation and guidance systems. In the presence of an angular rotation, the 
energy is transferred from drive mode to sense mode due to Coriolis effects, 
the displacement change of sense mode is then sensed by vibratory 
gyroscope to obtain the angular information. One of the limitations of MEMS 
gyroscope performance is the mechanical coupling between drive mode and 
sense mode. Lots of articles refer to mechanical coupling error, but rare of 
these papers study the coupling error model for partially decoupled gyroscope 
and fully decoupled gyroscope. 
In this thesis, the mechanical coupling in the partially decoupled 
gyroscope and fully decoupled gyroscope has been investigated, and the 
coupling error model has been built. In partially decoupled gyroscope, we 
assume that the spring along the orthogonal to the actual vibration direction is 
fully stiff. The displacement of sense mode is considered as the relative motion 
to the drive frame, and the coupling error displacement is obtained by 
combined the displacement vector of drive frame and relative displacement 
vector of sense mode. Under the same assumption, the coupling error model 
of fully decoupled gyroscope was also developed. The mechanical coupling 
error formula is finally obtained by solving the dynamic equations. 
Based on the coupling error model, we proposed a fully decoupled 
gyroscope Design1, and a partially decoupled gyroscope Design2. In Design 1, 
due to the novel design of decoupled spring, the sense mode is separated 
from the drive mode. The two proof masses vibrate synchronously in the drive 
direction and pick up the sensing signal from the sensing part in the center of 














frequency response according to the simulation results.  
In Design2, a “trench isolation” as an enabling technique has been 
invented.  The process flow for fabrication of the design 2 has been designed. 
We have developed the key process steps, such as, trench isolation process, 
glass etching process, deep reactive ion etching process, thinning process, 
and anodic process.  The trench isolation successfully insulates the electrical 
signal, which evidences the feasibility of the process flow for Design2. 
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表 1.1 常见的 12 类陀螺根据常见用途的分类 
常见用途 
陀螺种类 
战略 导航 战术 消费 
单自由度悬浮陀螺     
双自由度悬浮陀螺     
动态调谐陀螺(DTG)     
静电悬浮陀螺(ESG)     
环形激光陀螺(RLG)     
干涉光纤陀螺(IFOG)     
半球共振陀螺(HRG)     
石英音叉陀螺     
振动式硅微陀螺     
振动杯式陀螺     
振动碟式陀螺     
















表 1.2 不同性能级别陀螺的参数要求[10] 
参数 速率级 战术级 惯性级 
角度随机游走系数(º/√h) >0.5 0.5-0.05 <0.001 
零偏漂移(º/h) 10-1000 0.1-10 <0.01 
刻度因子精度(%FS) 0.1-1 0.01-0.1 <0.001 
量程(º/s) 50-1000 >500 >400 
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